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Abstract. Soft-device is a promising infrastructure of next-generation distributed 
system. Soft-devices are configurable and adaptive software virtual mechanism, 
providing services to each other and to other virtual roles according to the content 
of the resources and related configuration information. In order to aggregate and 
reuse the existing soft-devices for more complex applications, this paper proposes 
a dynamic inheritance mechanism of soft-devices. By taking into account the 
novel characteristics of soft-devices, this approach provides flexible and effective 
inheritance modes, which overcomes the limitation of traditional local inheritance. 
It will play an important role in future interconnection environment. 

1   Introduction 

Inheritance mechanism has been investigated in software engineering and artificial 
intelligence [1, 2, 3, 4, 5]. The Knowledge Grid is an intelligent sustainable internet 
application environment that enables people or virtual roles to effectively capture, 
publish, share, and manage explicit knowledge resources [6, 8, 9].  

Soft-devices are configurable and adaptive software virtual mechanism, representing 
distributed network software and devices. It takes the advantages of the active and 
intelligent features of the intelligent agents, the semantic-based features of the semantic 
web, the advantages of the Knowledge Grid, and the configurable feature of general-
purpose computers [7, 10, 12, 13]. This paper implements soft-device inheritance. 

Based on the notion and mechanism introduced in [7, 11], a soft-device comprises 
six components, which can be defined as a six tuple:  

>=< IEWDKCSD ,,,,,  

Where C, K, D, W, E, I respectively denotes the container, knowledge base, detector, 
built-in workflows, explainer, and interface.  

2   Inheritance Mechanism of Soft-Device 

2.1   Dynamic Single Inheritance 

Let Loc1= Loc3 Loc1<>Loc2 and SD∆  is unchangeable. The definition of the dy-
namic inheritance becomes: 

)1()2,(2)1,(1 LocSDLoctSDLoctSD ∆⊕=  
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This type of inheritance is named as dynamic single inheritance. Because each 
child soft-device inherit only one parent soft-device, there are only one proxy re-
source in the soft-device, namely Np2=1. Because SD∆  is local increment, there are 
no proxy resource in it, namely Np3=0. The corresponding operations of components 
are defined as followings: 

CLocSDCLoctSDCLoctSD ).1().2,(2).1,(1 ∆⊕=  
>∆∆=< )}2,(2{Pr)},1(Re,),1(Re),2,(2Re,),2,(2{Re 13121 LoctoLoccLoccLoctcLoctc NrNr LL  

KLocSDKLoctSDKLoctSD ).1().2,(2).1,(1 ∆⊕=  

)}1(,),1(),2,(2,),2,(2{ 3121 LocRulLocRulLoctRulLoctRul NrNr ∆∆= LL  

NewDDLocSDDLoctSDDLocSDDLoctSDDLoctSD =∆=∆⊕= ).1(|).2,(2).1().2,(2).1,(1  

NewEELocSDELoctSDELocSDELoctSDELoctSD =∆=∆⊕= ).1(|).2,(2).1().2,(2).1,(1  

WLocSDWLoctSDWLoctSD ).1().2,(2).1,(1 ∆⊕=  

)}1(,),1(),2,(2,),2,(2{ 3121 LocwfLocwfLoctwfLoctwf NwNw ∆∆= LL  

ILocSDILoctSDILoctSD ).1().2,(2).1,(1 ∆⊕=  

)}1(,),1(),2,(2,),2,(2{ 3121 LocSerLocSerLoctSerLoctSer NsNs ∆∆= LL  

Because of the dynamic and local facets, the dynamic single inheritance has not the 
transfer characteristic compared with traditional inheritance mode. 

The operation of single inheritance of soft-devices results in abstraction hierarchies 
that take the form of tree or more generally directed acyclic graph (DAG). Because of 
remote inheritance, a soft-device may inherit his child soft-device, which generates 
circular inheritance. Thus, in order to void circular inheritance, a soft-device can not 
inherit his child. 

We define function IsOne to mean whether two soft-devices is the same one. If the 
result is true, the two soft-devices is exactly the same one, or else they are two soft-
devices. It is easy to judge, because soft-devices are registered on a site, and they 
have the unique id.  

                                         
⎩
⎨
⎧

=
false

ture
SDSDIsOne )2,1(       

Consider that SD1 will inherit SD2. The following algorithm judge whether there 
are circular inheritance. 

Algorithm  
 If (IsOne(SD1,SD2)= true) 
 then  return there exists circular inheritance    
    else  
 { Put child soft-devices of SD1 in a Queue. 
  while (Queue is not empty) 
    { Pop a soft-device SD from Queue,  
   if (IsOne(SD,SD1)=true ) 
    then return there exist circular inheritance,  
    else Put child soft-devices of SD1 in a Queue.  
  } 
  Return There are not circular inheritance. 
 } 
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2.2   Dynamic Multiple Inheritance 

Let Loc1<>Loc2, Loc2<>Loc3, Loc1<>Loc3, the inheritance is dynamic multiple 
inheritance. We can change the definition as follows: 

)3,(3)2,(2)1,(1 LoctSDLoctSDLoctSD ⊕=  

We can consider SD2 is the parent soft-device and the SD3 is the incremental part, or 
SD3 is the parent soft-device and SD2 is the incremental part. The operation is the 
same.  

We can easily expand the definition to multiple inheritances.  

)4,(4)1,(1)5,(5 LoctSDLoctSDLoctSD ⊕=  

)4,(4))3,(3)2,(2()5,(5 LoctSDLoctSDLoctSDLoctSD ⊕⊕=  

Because the ⊕ operation has the law of exchange and combine, the equation can be 
written as follows: 

)4,(4)3,(3)2,(2)5,(5 LoctSDLoctSDLoctSDLoctSD ⊕⊕=  

2.3 Dynamic Characteristic of Inheritance 

The parent soft-device change dynamically, and the child soft-device can change 
correspondingly. This section discusses the machine of realization.  

In the moment t, the soft-device satisfies the following equation: 

)1()2,()1,( LocSDLoctpSDLoctcSD ∆⊕=  

In the next moment t+1, )2,1()2,( loctpSDloctpSD +→ , namely =<loc2)pSD(t,  
>loc2)I(t,ploc2)W(t,ploc2)E(t,ploc2)D(t,ploc2)K(t,ploc2)C(t,p ,,,,,

+++++<=+ ,loc2) 1, t (W  ,loc2) 1, t ( E,loc2) 1, t ( D,loc2) 1,(t K ,loc2) 1,(t  C loc2)  1, t ( pSD ppppp
+++++<=+ ,loc2) 1, t (W  ,loc2) 1, t ( E,loc2) 1, t ( D,loc2) 1,(t K ,loc2) 1,(t  C loc2)  1, t ( pSD ppppp

>+ loc2) 1,(t  Ip  )1()2,()1,( LocSDLoc1tpSDLoc1tcSD ∆⊕+=+ . 

According to the definition of ⊕ operation, the cSD should be: 

)}1(,),1(),2,1(,),2,1({I).Loc1,1t(cSD

)}1(,),1L(),2,1(,),2,1({W).Loc1,1t(cSD
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Because Pro is local mirror of pSD, in the moment t+1 

)2,1()1,1(Pr LoctpSDlocto +=+  
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The child soft-device is 

>∆∆∆>+∆=<<+ ISDWSDNewENewDKSDtoCSDtcSD .,.,,,.,)1(Pr,.)1(  

This means the parent soft-device change, we only need change the proxy, the other 
components don’t change.  

)2,1( loctpSD +   has three status: 

(1)Stop. )2,1( loctpSD +  stops server for others. pSD  informs his child soft-devices 

and disable them. 
(2)Limited Change. The interface component of pSD does not change, namely 

)2,()2,1( loctpIloctpI =+ .Because the interface does not change, the proxy of the 

pSD doesn’t change, and his child soft-devices needn’t change.  
(3)Change. The interface component of pSD changes, namely 

)2,()2,1( loctpIloctpI ≠+ . Its child soft-devices need change correspondingly. 

There are three possibilities: 
 Servers increase. )2,1( loctpSD + provides more services, namely 

)2,1()2,( loctpIloctpI +⊂ . Servers increasing do not affect the child soft-

devices, and the child soft-devices get the new proxy of pSD. 
 Servers decrease. )2,1( loctpSD +  provides less services, namely 

)2,()2,1( loctpIloctpI ⊂+ . Servers decreasing may make the child soft-devices 

work incorrectly, if the child soft-devices use its servers.  
 Servers change.  )2,1( loctpSD +  changes some services, namely  

))2,1()2,(())2,()2,1(( loctpISerloctpISerloctpISerloctpISer jjii +∉∧∈∋∧∉∧+∈∋ . 

3   Implementation 

The architecture of inheritance is shown in the Fig.1. 

 

Fig. 1. Architecture of inheritance 
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Fig. 2. The process of inheritance 

Fig. 2 describes the process of inheritance, where the requirement list plays the 
same role as in [7]. 
The process of dynamic inheritance is described in detail as follows: 

Step1. The owner post static description of his soft-device on the requirement list.  
Step2. The other one search the requirement list, and find the soft-device which he 

requires.  
Step3. According the static description of parent soft-device, add incremental part, 

and then form the static description of child soft-device.  
Step4. The static description of child soft-device is parsed to form dynamic in-

stance of the child soft-device by the generator.  At the same time, parent 
soft-device and child soft-device establish the message pipe. The process of 
building dynamic instance of the child soft-device includes the following 
three steps. 

Step4.1. The child soft-device informs the parent soft-device generate proxy of 
its.  

Step4.2. The parent soft-device marshals the proxy, and sends it to child soft-
device.  

Step4.3. The child soft-device unmarshals the proxy, and dynamic loading in 
the container component of child soft-device. 

Step4.4. The each part of   constitutes the corresponding component of the child 
soft-device. 

4   Conclusion 

Our vision is to provide soft-device as the basis of the future interconnection envi-
ronment [14, 15]. In order to fit the requirements that soft-device is deployed in the 
distributed system, this paper proposes the architecture of soft-devices, in which the 
soft-devices are entirely encapsulated and accessed by interface. Additionally, this 
paper proposes a proxy-based inheritance mechanism. Different from the traditional 
inheritance, this mechanism is dynamic and selective, enabling a more flexible and 
effective inheritance in different scenarios. 
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